A morphological mutant of Neurospora crassa, which showed great changes in cell wall pglucan structures, was obtained. The mutant lacked spore-forming ability. Chemical analysis indicated that the mutant cell walls had more carbohydrates and less proteins than the wild type. In the structural polymers of cell walls, heteroglycan and chitin were not apparently changed in their sugar composition and structures. On the other hand, the alkali-soluble /?-glucan of this mutant showed significant changes in the chemical structure, particularly, the number and length of branches. The mutant glucan had about 2.5 times as manybranches as that from wild type and the number of 1,3-linked glucose residues was greatly reduced. Basidiomycete sp. QM-80612) was donated by Mr. Tabata, Taito Co., Kobe. The series of /M,3-, and /M,6-glucooligosaccharides used as markers on chromatographic analysis were obtained from our previous work.13) Other chemicals and materials were obtained from commercial Organism and culture condition. The strain, Neurospora crassa IFO-6068 wild type, and its morphological mutants were grown for suitable times at 28°C with shaking in Vogel-7V-sucrose medium.14) Cultures of wild type were maintained on potato agar slants and a morphological mutant, No. 18, was kept in the liquid medium as described above.
Filamentous fungi change their morphology through all their growth stages and these changes maycorrelate to the chemical changes in cell wall compositions.1~3) In our previous studies, cell wall of Neurospora crassa have been shown to be constituted of two types of/?-glucans containing different proportions of /?- 1,3-and /M,6-linkages,4) and the one of the glucans, an alkali-soluble /?-glucan has been
shownto change its structure with the growth of the cells.5) The N. crassa cells produce /M,3-glucanase6) and /?-l,6-glucanase7) which may be involved in structural modification of cell wall jS-glucans.5'7) Morphological mutants from yeasts, Saccharomyces cerevisiae also showed structural alteration in the cell wall /}-glucans.8~10)
In this study, to elucidate the relation of fungal morphology with the cell wall /?-ghican structures, we isolated a morphological mutant of Neurospora crassa and comparedthe chemical properties of cell walls between the mutant and the wild-type cells.
MATERIALS AND METHODS

Materials.
Zymolyase 5,000 and 6,000, yeast cell lytic enzymes from Arthrobacter luteus,n) was provided by Kirin Brewery Co., Tokyo. Exo-/M,3-glucanase from
Basidiomycete sp. QM-80612) was donated by Mr. Tabata, Taito Co., Kobe. The series of /M,3-, and /M,6-glucooligosaccharides used as markers on chromatographic analysis were obtained from our previous work.13) Other chemicals and materials were obtained from commercial Organism and culture condition. The strain, Neurospora crassa IFO-6068 wild type, and its morphological mutants were grown for suitable times at 28°C with shaking in Vogel-7V-sucrose medium.14) Cultures of wild type were maintained on potato agar slants and a morphological mutant, No. 18, was kept in the liquid medium as described above.
Isolation of mutants. Spores (105~106/ml 0.1 m phosphate buffer, pH 7.0) obtained from the wild-type strain were treated with N-methyl-TV'-nitro-nitrosoguanidine (NTG, 800fiM) for 140min at 25°C. glucanase.U) A turbidity assay showed that wild-type cells were more susceptible to the enzyme than mutant cells (Fig. 1) . The cells grownon sorbose mediumwhich restricts the growth of hyphae as an inhibitor for cell wall /?-glucan synthesis,23* also showed less susceptibility to Zymolyase (Fig. 1) . The Zymolyase digests were separated by gel filtration on a Bio-Gel P-2 column (Fig. 2) (Fig. 3) . In the wild-type cells, young mycelia taken at early log phase (stage 1), had a shape like strings of beads. Chitin content as expressed as hexosamine was not greatly changed. It is notable that the ratio of glucose to mannosewas 4 in wild type and 2.5 in the mutant, but the galactose content was not changed between the mutant and the wild type cells.
Cell walls of mutant and wild type were digested with Zymolyase and the digests were fractionated by gel filtration on a Bio-Gel P-2 column (Fig. 4) . The polymer fraction on a Sepharose CL-6B column (Fig. 5) . Both samples from wild-type and mutant cells eluted at the same position and showed symmetrical peaks. Chemical analysis of the samples showed the same sugar composition with the same 
Structural analysis of cell wall (5-glucans
Polymers in the cell walls were extracted successively with hot water and alkali (Fig. 6 ).
Finally, four fractions, namely, a hot water extractable fraction (F-I), a 1 n alkali extractable and water soluble fraction (F-II), a 1 n alkali extractable and water insoluble fraction (F-III), and a 1 n alkali unextractable fraction (F-IV) were obtained. The monosaccharide composition of each fraction from mutant and wild-type cell walls (Table II) showed that F-III and F-IV had predominantly glucose indicating j6-glucan fractions. F-III is soluble in Before Zymolyase treatment, cell walls (2mg) were digested with salivary a-amylase to remove contaminating glycogen, then the residues were treated with Zymolyase 6,000 (0.2unit) at 38°C for 12hr. The solubilized products were put on a Bio-Gel P2 column (1.5 x 150cm) and eluted with water. G, elution position of glucose; G2, gentiobiose. alkali, on the other hand F-IV is not soluble in alkali and other solvents. Although F-IV could not be purified further, F-III was further fractionated by gel filtration on Sepharose CL-6B column (Fig. 7) . Both fractions obtained from wild-type and mutant cell walls showed similar elution patterns which were heterogeneous in molecular size, so F-III was fractionated into four sub fractions, namely, F-IIIa, F-IIIb, FIIIc, and F-IIId (Fig. 7) . Among these sub fractions, F-IIIb and F-IIIc was further analyzed, Fig. 7 . Gel Filtration of the Fraction III on Sepharose CL-6BColumn. Samples (about 20mg) from wild type and mutant were dissolved in 0.5n NaOHand put on the column (1.4x 70cm), then eluted with 0.5n NaOH.The samples were fractionated into four sub fractions.
since F-IIIa and F-IIId were still heterogeneous in size. Methylation analysis of F-IIIb and F-IIIc clearly showed differences in the ratio of branching (2,3,4,6-tetramethyl Glc/2,3,4-+ 2,4,6-trimethyl Glc) and also in the ratio of 1,3-linked glucose (2,4,6-trimethyl Glc) to 1, 3, between the wild type and the mutant (Table   III showed an alkali-soluble /?-glucan being altered with no appreciable changes in chitin and cell surface proteo-heteroglycan.27)
The results suggest that reduction of the amount of /M,3-linked glucose residues with a concomitant increase of /M,6-linked glucose residues may inhibit the hyphal wall extention. It is of interest that the N. crassa /?-glucan mutant in this study had higher resistance to Zymolyase than 
